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PROBLEM TO BE SOLVED: To provide a liquid dipped scanning type probe microscope with less 
adhesion of air bubble to the surface of a member which is dipped in a solution. 

SOLUTION: A probe 20, a cantilever 22, the entire portion of a window member 30, and one portion of a 
cantilever retention member 24 are sunk in a solution 1 6. After that, an interface activator is supplied 
onto the liquid surface of the solution 1 6 by a micro dispenser 32. Then, a head 36 is raised to such a 
height that the cantilever. 22 and the probe 20 do not touch the activator on the liquid surface, thus 
adhering the interface activator to the cantilever retention member 24 and the window member 30. After 
that, the cantilever holding member 24 is sunk in the solution again. At this time, since the interface 
activator adhered to the cantilever holding member 24 and the window member 30 properly adapts itself 
to the interface activator on the liquid surface, no air bubble is generated on the surface. Finally, the 
interface activator remaining on the liquid surface is sucked by a collecting means 34. 
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(54) LIQUID-DIPPED SCANNING PROBE MICROSCOPE DEVICE 

(57)AbstraGt: 

PROBLEM TO BE SOLVED: To provide a liquid dipped 
scanning type probe microscope with less adhesion of 
air bubble to the surface of a member which is dipped in 
a solution. 

SOLUTION: A probe 20, a cantilever 22, the entire 
portion of a window member 30, and one portion of a 
cantilever retention member 24 are sunk in a solution 16. 
After that, an interface activator is supplied onto the 
liquid surface of the solution 16 by a micro dispenser 32. 
Then, a head 36 is raised to such a height that the 
cantilever 22 and the probe 20 do not touch the activator 
on the liquid surface, thus adhering the interface 
activator to the cantilever retention member 24 and the 
window member 30. After that, the cantilever holding 
member 24 is sunk in the solution again. At this time, since the interface activator adhered to 
the cantilever holding member 24 and the window member 30 properly adapts itself to the 
interface activator on the liquid surface, no air bubble is generated on the surface. Finally, the 
interface activator remaining on the liquid surface is sucked by a collecting means 34. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
' precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the immersion scan type probe microscope which observes the sample arranged in the 
solution put into the container using a probe The hydrophilicity-ization-processed cantilever which was 
equipped with the probe at the nose of cam, and the cantilever attachment component holding a 
cantilever, A means to carry out permeation shunting of a cantilever and the cantilever attachment 
component into a solution, Have a means to supply a surfactant, on the oil level of a solution, and 
observation of a sample is preceded. Sink the whole cantilever and a cantilever attachment component 
into a solution, supply a surfactant on the oil level of a solution, and the thin fihn of a surfactant is 
formed on an oil level. The immersion scan type probe microscope characterized by for a cantilever 
pulling up a cantilever attachment component if possible in the range which cannot touch a surfactant, 
and lowering a cantilever attachment component again. 

[Claim 2] Have the following and a case has transparent window part material on the optical target 
which allows the traffic of the light between a displacement detection system and a cantilever. Window 
part material is the claim 1 which is aslant arranged to the oil level, sinks window part material into a 
solution in advance of observation of a sample, supplies a surfactant on the oil level of a solution, forms 
the thin film of a surfactant on an oil level, pulls up window part material, and is characterized by 
sinking window part material into a solution again. The displacement detection system which detects the 
variation rate of a cantilever optically. The case which holds a displacement detection system in order to 
protect a displacement detection system from a solution. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to scanned type probe microscope 

equipment. 

[0002] 

[Description of the Prior Art] A scanned type probe microscope is equipment which observes the 
detailed configuration of a sample by detecting the behavior of the probe which follows in accordance 
with a surface configuration during the scan of a sample, and the scanning tunneling microscope (STM), 
the atomic force microscope (AFM), the magnetic-force microscope (MFM), etc. are known by the 
classification of a means which a probe is made to follow. 

[0003] for example, jogging whose cantilever or sample the probe which scans a sample fi-ont face is 
supported by the flexible cantilever in an atomic force microscope (AFM), and has jogging elements^ 
such as a piezo electric crystal, - a variation rate - it is supported by the adjusting device and the 
interval of a probe and a sample can be adjusted If the attraction according to a van der Waals 
interaction to between the atom at the nose of cam of a probe and the atoms on the fi-ont face of a sample 
if a probe is brought close to a sample fi-ont face works and it brings close even to an atomic mutual 
distance grade fiirther, the repulsive force by Pauli's exclusion principle will work shortly. Such 
attraction and repulsive force are named generically and called force between atoms. Although the force 
between atoms is very feeble, since the cantilever which is supporting the probe is very flexible, if the 
atom at the nose of cam of a probe receives the force between atoms, it will displace according to the 
size. A jogging displacement adjusting device carries out feedback control of the interval of a sample to 
a probe so that the amount of displacement of a cantilever may be kept constant. Since the voltage 
impressed to jogging elements, such as a piezo electric crystal, at the time of this feedback control 
corresponds to the configuration on the front face of a sample which the probe is scanning, the height 
information on the front face of a sample is acquired from this applied-voltage information, and the 
concavo-convex image on the front face of a sample is obtained by combining this with the positional 
information on a sample front face, and processing it. 

[0004] If biological materials, such as a cell saved in solution using this scanned type probe microscope 
equipment, are observable, it is in a state [ having Hved unlike fixation of a sample like an electron 
microscope, or the observation under a vacuum ], and since it becomes possible to perform the 
configuration of a sample, measurement of the physical properties of the front face in the analysis of the 
force which joins a probe, etc. with the resolution of several nm, development of usable scanned type 
probe microscope equipment is tried [ that it is various and 

[0005] The scanned type probe microscope currently indicated by U.S. JP,4935634,B as the typical 
example is shown in drawing 5 and drawing 6 . Drawing 5 is the cross section showing the composition 
of the whole scanned type probe microscope, and drawing and drawing 6 (B) as which drawing 6 (A) 
regarded the probe attaching part of drawing 5 from the bottom are the cross section of a probe attaching 
part. 
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[0006] As shown in drawing 5 , the probe attachment component 101 which supports a cantilever 105, 
and the sample base 103 prepared on the piezo electric crystal 102 touch the member 104 of the shape of 
a ring arranged among both, and the space surrounded by these members is filled with solution. As 
' shown in drawing 6 , the exhaust pipe 1 1 1 for discharging with the supply pipe 1 10 for sending in a 
solution is formed in the ceiling portion of the probe attachment component 101 located inside the ring- 
hke member 104. Supply of the oxygen for being immersed, and saving biological materials, such as a 
cell, by this, Uving and the temperature control of a solution are made possible. It returns to drawing 5 , 
and the sample placed on the sample base 103 is moved by the piezo electric crystal 102, and the probe 
prepared at the nose of cam of a cantilever 105 by this is scanned. The variation rate of a probe is 
detected during a scan by the displacement detection system constituted from a laser light source 106 
which irradiates light, and a photo detector 107 which receives the reflected light by the upper surface of 
a cantilever 105. 
[0007] 

[Problem(s) to be Solved by the Invention] With the scanned type probe microscope equipment for 
immersion, a solution is poured into predetermined space like the upper example, or the cantilever 
equipped with a probe in the case of measurement is sunk into the solution accumulated in the specimen 
container. At this time, air bubbles may adhere to a cantilever or the front face of a cantilever attachment 
component. Removing is difficuU for the once generated air bubbles. Such air bubbles become the 
obstacle of the microscope observation which serves as an obstacle of a scan and is used simultaneously 
and are not desirable. 

[0008] About a probe and a cantilever, generating of air bubbles can be prevented by performing 
hydrophilicity-ized processing. Hydrophihcity-ized processing can be performed by performing 
oxidization plasma treatment or irradiating ultraviolet rays to the cantilever made fi-om a silicon nitride. 
However, since a cantilever attachment component is generally made firom a metal, it cannot perform 
hydrophilicity-ized processing. 

[0009] Although mixing a surfactant into solution is generally known as a method of preventmg 
adhesion of the air bubbles to the front face of the member in solution, when the sample which is a 
candidate for observation is a biological material, mixing of the surfactant to the inside of solution is not 
desirable on account of preservation of a sample. 

[0010] Moreover, it is common that there are some which used the displacement detection system of an 
optical-lever method in the scanned type probe microscope equipment for immersion, and are the 
waterproof purpose and the transparent window part material for waterproofing is optically arranged 
between a cantilever and a displacement detection system in this case. In case the time of pouring in a 
solution and a probe are sunk also to this window part material for waterproofing, it is difficult for air 
bubbles to adhere and to also remove these air bubbles too. The air bubbles adhering to the aperture for 
waterproofing scatter the laser beam and the reflected light from a cantilever which go to the cantilever 
in the displacement detection system of an optical-lever method. This becomes the cause of a fall of 
displacement detection precision and is not desirable. Moreover, it becomes an obstacle for observation 
by the optical microscope used simultaneously and is not desirable. The purpose of this invention is that 
the adhesion of air bubbles to the front face of the member immersed into a solution offers a few 
immersion scan type probe microscope. 
[0011] 

[Means for Solving the Problem] In the immersion scan type probe microscope which observes the 
sample arranged in the solution which put this invention into the container using a probe The 
hydrophilicity-ization-processed cantilever which was equipped with the probe at the nose of cam, and 
the cantilever attachment component holding a cantilever, A means to carry out permeation shunting of 
a cantilever and the cantilever attachment component into a solution, Have a means to supply a 
surfactant, on the oil level of a solution, and observation of a sample is preceded. Sink the whole 
cantilever and a cantilever attachment component into a solution, supply a surfactant on the oil level of a 
solution, and the thin film of a surfactant is formed on an oil level. If possible, a cantilever pulls up a 
cantilever attachment component in the range which cannot touch a surfactant, and is characterized by 
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lowering a cantilever attachment component again. 

[0012] In the above-mentioned composition, it has the displacement detection system which detects the 
variation rate of a cantilever optically, and the case which holds a displacement detection system in 
order to protect a displacement detection system from a solution, furthermore, a case It has transparent 
window part material on the optical target which allows the traffic of the light between a displacement 
detection system and a cantilever. It is characterized by window part material being aslant arranged to 
the oil level, sinking window part material into a solution in advance of observation of a sample, 
supplying a surfactant on the oil level of a solution, forming the thin fibn of a surfactant on an oil level, 
pulling up window part material, and sinking window part material into a solution again. 
[0013] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this mvention is explamed, 

referring to a drawing. 

<the gestah of the first operation> -- the gestalt of the first operation is first explained using drawing 1 - 
drawing 3 

[0014] As shown in drawing 1 (A), a sample 12 is put on the pars basilaris ossis occipitalis of a 
container 14, and the solution 16 for a sample 12 being immersed is filled by the container 14. A 
container 14 is placed on mechanical X-Y stage 18, and the sample 12 to a probe 20 can be positioned. 
On X-Y stage 18, the micro dispenser 32 which is a means to supply a surfactant to the oil level of a 
solution 16 at the both sides of a container 14, and a recovery means 34 to collect the surfactants 
supplied to the oil level are established. 

[0015] As shown in drawing 1 (B), the probe 20 is formed at the nose of cam of a cantilever 22, and a 
cantilever 22 is attached in the cantilever attachment component 24, and is supported. The hydrophilic 
property often or less contact angles is attained by a probe 20 and a cantilever 22 using a silicon nitride 
for the quality of the material, and performing 10-second room [ about ] oxidization plasma treatment, 
Hydrophilic processing of the front face of a silicon nitride is obtained also by UV irradiation. As for the 
cantilever attachment component 24, in the cross-section configuration, as shown in drawing 1 (C), 
upper surface 24a and inferior-surface-of-tongue 24b serve as a V character configuration. As the 
cantilever attachment component 24 is shown in drawing 1 (A), it is attached in the head 36 removable, 
and improvement in workability at the time of exchanging a cantilever 22 is achieved. Moreover, the 
excitation means which used the piezoelectric device near the cantilever 22 of the point of the cantilever 
attachment component 24 is attached, and you may perform the so-called AFM measurement in AC 
mode measured not applying external force to a sample, vibrating a cantilever 22 with a fixed amplitude. 

[0016] The transparent window part material 30 is optically attached in the portion to which a head 36 is 
located above a cantilever 22 aslant, the whole is sealed and a solution permeates. The laser hght source 
26 which irradiates a laser beam on the upper surface of a cantilever 22, and the photo detector 28 which 
receives the reflected light from the upper surface of a cantilever 22 are held in the interior of ahead 36. 
The photo detector 28 has two or more light-receiving fields which show the output according to the 
amount of incident lights, and the variation rate of a cantilever 22 is called for from the position of the 
spot of the reflected light formed on the light-receiving field of a photo detector 28. 
[0017] The head 36 is supported by the cylindrical piezo electric crystal 38, and the cylindrical piezo 
electric crystal 38 is attached in the rise-and-fall means 40. Movement of the horizontal direction for XY 
scan and Z position confrol and a perpendicular direction is possible for a head 36 by the cylindrical 
piezo electric crystal 38. Moreover, in case rough ** of a head 36 has become possible up and down by 
the rise-and-fall means 40, for example, a container 14 is exchanged, in order to secure the space for 
taking a container 14 in and out, it shimts up. 

[0018] Hereafter, the procedure of sinking a cantilever 22 and the cantilever attachment component 24 
into a solution 16 is explained using drawing 2 and drawing 3 . First, a head 36 is dropped using the rise- 
and-fall means 40, and as shown in drawing 2 (A), a part of a probe 20, cantilever 22, whole window 
part material 30, and cantilever attachment component 24 are sunk into a solution 16. Since the probe 20 
and the cantilever 22 are hydrophilicity-ization-processed, air bubbles do not adhere to these. Then, the 
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surfactant of the specified quantity is supplied on the oil level of a solution 16 using the micro dispenser 
32, and the monomolecular fihn 44 of a surfactant 42 is formed in an oil level. The amount of the 
surfactant 42 to supply is a complement and it is decided in the area of opening of a container 14 that it 
forms a monomolecular fihn in an oil level. As shown in drawing 3 (A) at this time, hydrophiUc-group 
46a is mmed to a solution 16 side, and each molecule 46 of the surfactant of an oil level turns 
hydrophobic-group 46b to an atmosphere side, and is located in a line with an oil level. A barium 
stearate is raised as a surfactant to be used. 

[0019] Next, using the rise-and-fall means 40, as shown in drawing 2 (B), a cantilever 22 and a probe 20 
raise a head 36 to the height which cannot touch the monomolecular film 44 of a surfactant. At this time, 
almost all the portions of the whole window part material 30 and the cantilever attachment component 
24 can pull up in the atmosphere. When the cantilever attachment component 24 can pull up from a 
solution 16, hydrophilic-group 46a is turned to the fi-ont face of the cantilever attachment component 24, 
and the molecule 46 of the surfactant on an oil level adheres to it, as shown in drawing 3 (B). Although 
only the cantilever attachment component 24 is shown in drawing, similarly, hydrophilic-group 46a is 
turned also to the front face of the window part material 30, and it adheres to it. Consequently, the coat 
48 of the surfactant with which hydrophobic-group 46b was suitable into the atmosphere is formed in 
the front face of the cantilever attachment component 24 and the window part material 30. Since the 
upper surface and the inferior surface of tongue of the cantilever attachment component 24 serve as a V 
character configuration as shown in drawing 1 (C), the coat 48 of a surfactant is fomaed also in the upper 
surface and an inferior surface of tongue good. Since hydrophilicity-ized processing is performed at this 
time, as for a probe 20 and a cantilever 22, it is important that it is carefiil so that the coat of a surfactant 
may not be formed in these front faces. 

[0020] In addition, as shown in drawing 2 , as for the cantilever attachment component 24, it is desirable 
to incline and constitute to the oil level of a solution 16 so that it may infiltrate into a solution 16 
gradually in the direction of the end face section from the point of a cantilever 22. Thus, by constituting, 
the cantilever attachment component 24 can be hydrophilicity-ization-processed effectively, without 
making a surfactant touched with a cantilever 22. 

[0021] Then, a head 36 is dropped using the rise-and-fall means 40, and as shown in drawing 2 (C), a 
probe 20 is close brought to near the front face of a sample 12. Since the coat of the surfactant with 
which hydrophobic-group 46b was outside suitable is formed in the front face of the cantilever 
attachment component 24 and the window part material 30 at this time and there is a monomolecular 
fihn of the surfactant which turned hydrophobic-group 46b to the atmosphere side in an oil level In case 
the cantilever attachment component 24 and the window part material 30 sink into a solution again, as 
shown in drawing 3 (C) The surfactant on an oil level adheres to the coat of the surfactant of the front 
face of the cantilever attachment component 24 and the window part material 30 good, and the coat of 
the surfactant of a bilayer eye with which hydrophilic-group 46a was outside suitable is formed. 
Consequently, the cantilever attachment component 24 and the window part material 30 are sunk into a 
solution, without a foam adhering to a front face. 

[0022] Finally, as shown in drawing 2 (D), the surfactant which remains on an oil level from the nozzle 
which touched the oil level is attracted using the recovery means 34. Consequently, as shown in drawing 
3 (D), surfactants are collected except for the circumference of the member immersed into the cantilever 
attachment component 24, the window part material 30, and the solution. Now, preparation of AFM 
measvu-ement is completed. 

[0023] <The form of the second operation>, next the form of the second operation are explained using 
drawing 4 . On X-Y stage 18, the jogging stage 54 moved in the XY direction is formed by two piezo 
electric crystals 52, and the container 14 into which the sample 12 and the solution 16 were put is 
arranged on the jogging stage 54. 

[0024] A sample 12 is moved in the XY direction by the jogging stage 54 in the case of a scan. 
Therefore, the cylindrical piezo electric crystal 38 only performs flexible operation for moving a head 36 
to a Z direction, and does not perform curve operation for moving this in tiie XY direction. 
[0025] Other composition and operations are the same as the form of the first operation of the above- 
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mentioned. With the form of this operation, the cylindrical piezo electric crystal 38 is allowed to enlarge 
the outer diameter, since curve operation for movement in the XY direction is unnecessary. By enlarging 
the outer diameter of a cylindrical piezo electric crystal, it is possible to arrange a large-sized 
condensing lens with big numerical aperture advantageous to the observation for optical microscopes 
etc. inside. 

[0026] this invention is not limited to the form of above-mentioned operation at all. All operations 
performed in the range which does not deviate from the summary of invention are included in this 
invention. Invention described in each following term is included in this specification. 
[0027] 1. For Example, Sample Front Face Fixed in Containers, Such as Petri Dish with which 
Solutions, Such as Physiological Saline, were Filled In the immersion scan type probe microscope 
equipment which acquires information, such as a configuration of a sample, by scanning by the probe 
concluded by the probe attachment component inserted into the solution The monomolecular fihn of the 
matter (surfactant) which has the insoluble surface activity effect in water Immersion scan type probe 
microscope equipment characterized by forming on the oil level of the solution filled in the container, 
and forming a coat in the front face of a cantilever attachment component using own adsorptivity of a 
surfactant in case a probe is introduced into a solution. 

[0028] [Effect] Since generating of the air bubbles of the front face of the probe attachment component 
introduced into liquid when the molecule of a surfactant tums a hydrophihc group outside and forms a 
coat in the front face of the probe attachment component introduced into the solution can be reduced, the 
scanned type probe microscope equipment in which the stable observation operation is possible is 
offered. 

[0029] 2. Immersion scan type probe microscope equipment characterized by having process of 
operation which forms hydrophilic coat in cantilever attachment component front face by pulling up 
only probe attachment component introduced into solution out of the atmosphere from oil level, and 
introducing it into solution again this back at once in the 1st term in process in which coat of surfactant 
is made to form in front face of cantilever attachment component. 

[0030] [Effect] A surfactant molecule does not adhere at the nose of cam of a probe, but degradation of 
the quality of image of the scanning picture which considers adhesion of the foreign matter to the nose 
of cam of a probe as a cause is prevented. 

3. Immersion scan type probe microscope equipment characterized by the upper surface and inferior 
surface of tongue of cross-section configuration of cantilever attachment component having V character 
configuration in the 1 st term. 

[0031] [Effect] Since the cross-section configuration of the upper surface and the inferior surface of 
tongue of a cantilever attachment component is a V character type, coat formation of a surfactant on the 
attachment component front face at the time of passing through the thin film side of the surfactant 
formed on the oil level of a solution becomes easy, and the scanned type probe microscope equipment 
which was excellent in the reduction effect of gassing by the surfactant is obtained. 
[0032] 4. Immersion scan type probe microscope equipment characterized by having means to supply 
surfactant on oil level of solution, in the 1 st term or the 3rd term. 

[Effect] Since it has the supply means of a surfactant, the scanned type probe microscope equipment 
excellent in operability which does not need to prepare supply meanses, such as a dispenser, separately 
and can form them easily on the oil level of a solution at every observation operation of the thin film of 
a surfactant is obtained. 

[0033] 5. Immersion scan type probe microscope equipment characterized by having means to collect 
surfactants on oil level of solution, in the 1 st term or the 4th term. 

[Effect] Since it has the recovery means of a surfactant, when it can collect the thin fihns of the 
surfactant formed on the oil level of a solution and makes a solution flow back for preservation of the 
biological material under observation, possibility that the surfactant on an oil level will reach a sample is 
reduced. Moreover, since mixing into a solution is prevented to the surfactant at water, such as a barium 
stearate, using the insoluble matter, scanned type probe microscope equipment excellent in sample 
protection nature is obtained. 
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[0034] 6. Monomolecular Film of Matter (Surfactant) Which Has the Insoluble Surface Activity Effect 
m Water In case it forms on the oil level of the solution filled in the container and a probe is introduced 
into a solution For the purpose of protection of displacement detection meanses, such as for example, an 
optical-lever method allotted to the cantilever upper part in order to detect the variation rate of a 
cantilever, between a cantilever and a displacement detection means Immersion scan type probe 
microscope equipment characterized by forming a coat in the front face of the window part material for 
waterproofing allotted using own adsorptivity of a surfactant. 

[0035] [Effect] Since generating of the foam of the front face of the window part material introduced 
into liquid when the molecule of a surfactant tums a hydrophilic group outside and forms a coat in the 
front face of the window part material introduced into the solution can be reduced, the scanned type 
probe microscope equipment in which exact displacement detection is possible is offered. 
[0036] 7. Immersion scan type probe microscope equipment characterized by having process of 
operation which forms coat of hydrophilic property in front face of window part material for 
waterproofing by pulling up only probe attachment component introduced into solution out of the 
atmosphere from oil level, and introducing it into solution again this back at once in the 6th term in 
process in which coat of surfactant is made to form in front face of window part material for 
waterproofing. 

[0037] [Effect] Since the surfactant adhering to window part material and the surfactant on an oil level 
get used well, in case they sink window part material into a solution again, in the front face of window 
part material, a foam does not produce them. 

8. Immersion scan type probe microscope equipment characterized by for window part material for 
waterproofing inclining and arranging it to oil level in the 6th term. 

[Effect] Since window part material inclines to an oil level, the coat of a surfactant is formed in window 

part material good. 

[0038] 

[Effect of the Invention] Since the adhesion of a foam to a probe, a cantilever, and a cantilever 
attachment component decreases, while being able to perform a good scan according to this invention, 
observation by the optical microscope can also be performed good. 

[0039] Moreover, since the adhesion of a foam to window part material decreases, exact displacement 
detection can be performed. Furthermore, since a surfactant is not mixed into a solution, it does not have 
a bad influence on a biological material. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
^, damages caused by the use of this translation. 

J 1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 11 
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[Drawing 5] 
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